Background: Little comparative information exists regarding the reliability and validity of pain
Introduction
Despite a higher prevalence of chronic diseases such as arthritis and cancer, pain in older people and particularly those with dementia should not be dismissed as a part of normal ageing. For people with dementia living in residential aged care facilities (RACFs), pain occurs at a persistent rate. Prevalence of pain in this group has been recently reported at 43% (Leong, Chong & Gibson, 2006) , 47% (Torvik et al., 2010) and 68% (Zwakhalen et al., 2009 ). The critical issue however is that people with moderate to severe dementia are especially at risk for unidentified and under-treated pain, despite there usually being no differences in the potential physical causes for pain (Neville, McCarthy & Laurent, 2006) .
The adequate treatment of pain is also an area where nurses, who are primary carers and are responsible for the management of pain, are increasingly being held accountable (Abbey et al., 2004) . The assessment of pain concentrates on the pain description; alleviating or aggravating factors; its impact on functional, psychological and social status; and nurses' observations of pain, often based on interpretations of non-verbal cues. Assessment of pain is an important component in the treatment of pain, and there is a need for manageable, valid and reliable tools to assess pain in people with dementia (Collett et al., 2007) . A significant number of nurses are not aware of pain rating scales or do not use them routinely to justify their pain management interventions (McAuliffe et al., 2009 , Neville, McCarthy & Laurent, 2006 .
Standardized techniques of pain assessment are important for developing a credible care protocol. Pain rating scales help to systematize information gathering and eliminate some of the 5 difficulties for nurses in deciding when and what form of pain relief are needed (Abbey et al., 2004) . Consolidating information on a narrower range of quality tools should increase the likelihood of the most suitable tool being chosen. A number of recent reviews have examined pain rating scales for people with severe dementia and identified some that are more appropriate than others although all scales reviewed were deemed to have significant limitations (Herr et al., 2010 , van Herk et al., 2007 . Limitations of current scales included that they have often been only tested by developers with very small sample sizes, tested in limited clinical settings and not with the nurses who have to use the scales and finally, they often lack reliability data. recommended that future research should not focus on developing more scales but on improving understanding of existing scales by further testing their validity and reliability. Scales must also be clinically useful in an environment that is often very busy and where staff working most closely with the person with dementia have only basic qualifications. Therefore scales should require minimal time to complete and be easy to understand and use. To meet these recommendations and requirements, three pain rating scales for people with moderate to severe dementia have been chosen for a more detailed examination in Australian RACFs. These are the Abbey Pain Scale (APS: Abbey et al., 2004) , DOLOPLUS 2 (Lefebvre-Chapiro & the DOLOPLUS Group, 2001 ) and the Checklist of Non-Verbal Pain Indicators (CNPI: Feldt, 2000) .
The APS has been recommended by The Australian Pain Society (2005) for the management of pain in residential aged care facilities. This scale has been used widely and although several psychometric aspects have been tested, there is no test-retest reliabilty data available and the scale has not been tested independently for its reliability and validity with people with moderate 6 to severe dementia in Australian RACFs. The DOLOPLUS 2 has widespread use in Europe and the United Kingdom (Holen et al 2005; NHS 2010; Pautex et al., 2006) . It was originally developed in French and has since been translated into many other languages. The English version used in this study has had limited psychometric testing and none in Australia. The CNPI was developed in North America and has consistently rated well in many reviews (Herr, Bjoro & Decker, 2006 , Herr et al., 2010 ) but has never been tested with an Australian population. The aim of this study was to conduct a psychometric evaluation of three pain rating scales for people with moderate to severe dementia who reside in Australian RACFs.
The specific research questions are:
1. Are any of the scales more reliable when used with people with moderate to severe dementia in RACFs?
2. Are the scales valid for use with people with moderate to severe dementia in RACFs; particularly in terms of the factorial structure of the tests, and when used by a range of nurses working in RACF settings? 7
Methods

Participants and settings
An observational study design was used to answer these questions. The study involved pain rating scale administration by 26 nurses from four RACFs situated in south-east Queensland, Australia. Participants included 157 long-term residents of these same RACFs who all had a reported diagnosis of dementia in their clinical file. Comprehensive data are available for 126 residents from three of the RACFs and the results reported here are for these participants.
Ethical approval was obtained from The University of Queensland's Behavioral and Social Sciences Ethical Review Committee. All participating nurses provided informed consent and proxy consent was obtained for the participants with dementia.
Instruments
Data collection took place using a questionnaire document that gathered demographic data about the nurses administering the questionnaire and of the residents with dementia who were the subjects of the pain assessments. Registered nurses at each RACF provided demographic data about themselves (gender, age, qualifications and length of time in dementia care) and about the RACF residents with dementia who were the rated for pain (gender, age, birthplace and current medications). Separately, the 26 nurses who administered the pain rating scales also provided demographic information about themselves (gender, age, qualifications and length of time in dementia care).
Three published scales were included for pain assessment. The Abbey Pain Scale (APS) is a unidimensional scale with items reflecting observable behaviors and physiological changes that are known indicators of pain (Abbey et al., 2004) . Scale items were identified from well-known earlier studies and through rigorous consultation with international experts (Abbey et al., 2004 , Hurley et al., 1992 , Simons & Malabar, 1995 . The APS measures the severity of pain with six items: vocalization, facial expression, change in body language, behavioral change, physiological change and physical changes. Each item has descriptive prompts to assist nurses with their observations and to enhance reliability. The nurse rates the current level of pain from 0 ('absent'), 1 ('mild'), 2 ('moderate') to 3 ('severe'). The scores are summed to give a total possible score of 18 with scores from 0-2 indicating no pain, 3-7 indicating mild pain, [8] [9] [10] [11] [12] [13] indicating moderate pain and 14+ indicating severe pain. This pain score was established by a cross tabulating the new pain score against a holistic measure developed specifically for the pain scale development study. The APS has established face, content and concurrent validity.
Published internal reliability is reasonably adequate (α = 0.74) and despite some recognized testing limitations has shown modest correlations for the inter-rater reliability scores (Abbey et al., 2004) . Abbey et al., (2004) were extremely mindful of the pressures within the environment in which this scale is to be used and ensured it could be used by a variety of RACF staff, taking less than one minute to complete.
The DOLOPLUS 2 (Lefebvre-Chapiro & the DOLOPLUS Group, 2001) was originally developed in French and has since been translated into other languages (Ando & Hishinuma, 2010 , Holen, et al., 2005 . The English version used in this study has had limited psychometric testing. The scale involves observations of patient behavior in ten different situations that could 9 potentially involve pain. Items include sleep, verbal reaction and behavioral symptoms. Ratings are made from 0 to 3 representing increasing intensity in pain. The score does not represent pain experience at a specific moment but reflects on the progression of experienced pain. For the French version -convergent validity with the Visual Analogue Scale-patient was significiant (p<0.001) and the DOLOPLUS 2 demonstrated good sensitivity. There was satisfactory stability on the re-test. A t-test analyzing the intra-observer differences found no significant differences for the total score or for item scores. An interrater correlation test between two physicians showed no significant difference (p<0.001) and good levels of internal consistency (α = 0.82) were found . Limitations include a lack of information about the determination of cut-offs scores and the impairment level of the participants. The maximum score is 30, and a score of 5 represents pain, raising questions about the scales specificity . Questions also remain about how easy the items are to interpret with different levels of staff and the scale's clinical utility needs further testing at the bedside with large samples.
The Checklist of Non-Verbal Pain Indicators (CNPI: Feldt, 2000 ) is a behavioral observation scale at rest and during movement. Clustered items include restlessnes, rubbing and vocal complaints. An item is scored '1' if the behavior is observed and '0' if not observed (range of total scale 0-6). After adding up the two scores (for movement and rest), the interpretation is '1-2' for mild pain, '3-4' for moderate pain, '5-6' severe pain. Feldt (2000) claimed good face validity and good inter-rater reliability. Limitations include the CNPI only correlating with a Verbal Descriptive Scale during movement and these correlations were low (r=.372 at rest; r=.428 during movements). There were moderate levels of internal consistency (α = .54 at rest; α = .64 during movement) (Feldt, 2000) . Based on reported findings, the CNPI has poor psychometric qualities and requires further testing (eg test-retest) in large samples ).
An additional Yes/No question asked the registered nurse filling out the patient demographic section of the questionnaire whether the person with dementia had significant pain symptoms.
This was included for the purpose of external comparison to determine the extent to which the pain assessment scales relate to the 'real' world practice of nurses relying on their clinical judgment to assess pain (Neville, McCarthy & Laurent, 2006; Parke, 1998) . Table 1 outlines the data collection process. At the study outset, a registered nurse compiled demographic information for each RACF resident with dementia who was to be included in the study and completed the Yes/No question on the presence of significant pain. Thirty-two volunteer nurse participants across the four RACFs then received training from a project team member as raters of the pain scales. The participating nurse raters at each facility provided demographic data about themselves and then each participating resident had their pain rated by two independent nurse raters (assigned to rater group 1 or 2). Residents were rated for pain at a nominated time in mid-afternoon, with two testing occasions occuring two weeks apart. At the second testing occasion, participating residents had their pain independently rated by the same two nurse raters as on the first testing occasion. As recommended by , the time interval between assessment scale administrations was kept under three weeks to minimise the risk of score changes due to actual changes in health status over time.
Procedures
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Analgesic administration during the study period was provided in a manner consistent with usual practice at each RACF, thus avoiding peaks and troughs of analgesia. A series of six multiple regression analyses were conducted to obtain an assessment of potential rater influences on pain scale scores. Independent variables included information about which nurse rater had produced a resident's pain score and rater demographics (age, qualifications, years working in dementia care). Pain scale scores at each testing occasion, for each pain scale, represented the dependent variables. A stepwise procedure was used, with demographic variables entered first, as a block, followed by the individual rater designation for each RACF resident. Applying a Bonferroni correction to account for inflated experiment-wise error rates resulted in the adoption of α=0.008 as the criterion for inferential test significance across the multiple regressions.
Subsequently, four analyses were conducted to investigate scale reliabilities. Pearson productmoment correlation coefficients were calculated to estimate test-retest reliability for each pain scale, by rater. Cronbachs' alpha coefficients were calculated for each pain scale on scores provided by each rater group at each time period, to obtain four estimates of internal consistency reliability for each pain scale. Intraclass correlation coefficients were calculated on the total scores of each pain scale to provide an estimate of inter-rater reliability for each pain scale at each of the two testing occasions. Total pain scores were then used to classify patients into pain levels (No pain, Mild pain, Moderate pain, Severe pain) using the recommended score ranges for 13 each scale. Weighted Kappa was calculated to compare these pain level categorizations across raters as a final measure of inter-rater reliability.
Two sets of factor analyses were conducted to investigate the construct validity of the three pain scales. First, item level exploratory factor analyses, with principal axis factoring, were conducted for each separate rater group-by-testing occasion condition (4 conditions for each pain scale).
The eigenvalue greater than 1.0 heuristic was used to select the number of factors to extract in each condition. The unrotated results of these analyses were compared for adherence to simple structure with 1-factor solutions in each condition, in order to obtain an indication of the support for the unidimensionality assumption underlying the scoring of these pain scales.
A test score exploratory factor analysis, with principal axis factoring, was also conducted on the complete set of 12 test scores for each pain scale across each of the four (rater group by testing occasion) conditions. This analysis was conducted to see whether each pain scale's set scores (four for each scale) would load as a group, independently of the other pain scales' scores.
A final set of analyses was conducted to assess external relationships for the pain scales.
Evidence of relationships for the three pain scales with the external pain assessment was obtained by calculating Pearson correlation coefficients between the initial registered nurse Yes/No rating of significant pain and the pain scale scores of each pain scale for each rater group at the first testing occasion.
Results
Characteristics of Nurses:
All but one of the nurse raters participating in this study (N=26) were female and most were Australian born (60%). In this study, 58% were registered nurses, 33%
were enrolled nurses (in Australia an enrolled nurse is the equivalent of a Licensed Practical Nurse), and 9% assistants-in-nursing (in Australia an assistant-in nursing is equivalent to a nurse's aide or a nurse technician). Forty-eight percent of the nurses were aged between 51 and 60 years. Forty-one percent of the nurses had been working in dementia care for between 11 and 20 years. Table 2 presents demographic and baseline characteristics for participating RACF residents with dementia. The majority of residents were female and over 80 years of age. All had a reported diagnosis of dementia with the majority experiencing moderately severe to very severe cognitive decline. This was a relatively dependent group of people for activity of daily living needs with a moderate level of chronic illness burden.
Characteristics of People with Dementia:
Analgesics were the most commonly prescribed medication. On average the sample was depressed and exhibited a moderate to high frequency of behavioral and psychological symptoms of dementia (Table 2) . CIRS-G = Cumulative Illness Rating Scale for Geriatrics (Miller et al., 1992) ; ADL = Activities of Daily Living (Katz et al., 1963) ; GDS = Global Deterioration Scale (Reisberg et al., 1982) ; CSDD = Cornell Scale for Depression in Dementia (Alexopoulos et al., 1988) ; DBDS = Dementia Behavior Disturbance Scale (Baumgarten, Becker & Gauthier, 1990) .
Pain Scale Means and Standard Deviations
Descriptive statistics for the three pain scales, by rater group (R1, R2) and testing session (T1, T2), are shown in Table 3 . Across the four conditions the APS produces an average assessment of mild pain, the DOLOPLUS 2 produces an average assessment indicating the presence of pain, and the average CNPI assessment is of moderate pain. 
Influence of Individual Raters and Rater Demographics
Rater demographics were significantly associated with pain scale scores at the first testing occasion for the DOLOPLUS 2 (R2=0.057, p=0.004) and the CNPI (R2=0.054.p=0.005). At the second testing occasion, rater demographics were only significantly associated with CNPI pain scale scores (R2=0.072, p=0.001). For all three significant models, Rater Qualifications were the only significant independent variable, indicating that more highly qualified nurse raters tended to assign higher ratings to RACF resident pain. In none of the six regression models did individual 18 rater designation add significantly to the explanatory power of the models (R 2 change ranged from 0.000 to 0.010, all p>0.12).
Reliability Analyses
Across test-retest, internal consistency and ICC reliability analyses (See Table 4 ), the DOLOPLUS 2 was the pain scale with the highest reliability coefficient; with the CNPI showing the best weighted Kappa results. The CNPI produced the lowest test-retest coefficients but outperformed the APS on internal consistency. Test-retest and inter-rater reliability coefficients were moderately good for the APS and the DOLOPLUS 2. Cronbach's alpha, internal consistency reliability coefficients for the pain scales were good (APS, CNPI) to very good (DOLOPLUS 2). The slightly higher alpha coefficients for the CNPI, when compared to the APS, were likely due to the CNPI being a much longer scale.
Item level internal consistency analysis consistently showed that the APS would be a more reliable scale if the item 'Physical Changes' were omitted from the scale. This same analysis showed that all DOLOPLUS 2 items contributed to the reliability of this scale. Results for the CNPI consistently showed that omitting the 'Rest Rubbing' item from the scale would result in a small improvement in the scale's internal consistency reliability. 
ICC-Intraclass correlation coefficient
All test-retest and inter-rater coefficients significant at p<0.001
Factor Analyses
Factor analyses were conducted to determine whether the pain scales could best be described with a 1-factor model, or whether a more complex model was needed. Factor analyses, using principle axis factoring, were conducted separately on data from each pain scale, in each of the four test administration settings (two rater groups by two testing occasions).
The size of the sample was not large, for factor analysis purposes, and this may have contributed to some variation in results across analyses. Nevertheless, a clear pattern of results was usually evident across the analyses for each pain scale.
Factor analysis of the APS data produced a set of results indicating that a 1-factor solution was the best solution for describing the psychometric structure of this scale. It was also found that the item 'Physical Changes' often did not load strongly on this factor. A single-factor model typically accounted for approximately 40% of the scale variance as common variance.
Factor analysis of the DOLOPLUS 2 data similarly found that a 1-factor solution was the best description of the factor structure of this scale. This solution also typically accounted for approximately 40% of the available variance as common variance.
Factor analysis results for the CNPI were less clear-cut than for the two other pain scales. In the first instance, the 1-factor solutions typically only accounted for 25-30% of the available variance as common variance. However, it was not as clear as for the other scales, that a 1-factor solution was the best solution for this pain scale. There was also some support for a 2-factor solution. This solution essentially broke down into a 'Rest' factor and a 'Movement' factor. It was also found that the 'Rubbing' items on the CNPI (both Rest and Movement) failed to load on factors that were extracted. The more equivocal results for the CNPI may be influenced by the relatively modest sample size for this, the longest pain scale.
A final, test level, factor analysis was conducted on the correlations among the 12 total scale scores for the pain scales (3 scales by 2 rater groups by 2 testing occasions). The intent of this analysis was to see whether any of the scale's total scores, or more interestingly, the set of scores for any scale, rater or occasion, were less closely related to the remaining scores. This did not occur. The factor analysis showed that a single factor model best described the correlations among all 12 total scale scores with each score loading highly (>0.60) on that single factor. This indicates that all of the scales, as administered by both rater groups on each occasion measured essentially the same single construct.
External Validity
Each of the scales showed medium correlations (Cohen, 1988, pp. 79-80) . In all cases these results were significant at α=0.01 (See Table 5 ). 
Discussion
The findings of this study provide evidence on the relative psychometric strengths of three pain rating scales (APS, DOLOPLUS 2 and the CNPI) for people with moderate to severe dementia residing in Australian RACFs. These results indicate that all three scales were measuring a similar conception of pain.
The APS was found to have good validity and reliability, although it could be refined further. If the item 'Physical Changes' were dropped, the homogeneity of the scale would be enhanced. The DOLOPLUS 2 showed the strongest results across three of the four reliability analyses, as well
as showing good homogeneity and validity. The CNPI demonstrated the strongest inter-rater reliability results and adequate levels of internal consistency (except for the 'Rubbing' item at rest and movement). Closer examination revealed that it is measuring pain at rest and at movement but the process of combining the scores is questionable. This scale also demonstrated the most susceptibility to the effect of different nurse rater qualification levels.
Influence of Raters and Rater Demographics
Neither the different raters, nor the demographic characteristics of those nurse raters had a significant impact on APS scores on either testing occasion. Indeed, there was no significant effect from 26 different nurse raters producing pain ratings for 126 RACF residents, over and above the effects of rater demographics, for any of the pain scales. This result speaks positively to the validity of the pain scores produced by the data collection process used in this study, indicating that the multiple rater process did not bias pain scores.
The demographic characteristic of the raters did, however, have a significant effect on the DOLOPLUS 2 and the CNPI pain scores at the first rating occasion; and again on the CNPI scores at the second rating occasion. In each case, the only significant individual predictor of pain scores was nurse qualifications. This set of results suggests that the APS is most impervious to the effect of different rater characteristics; the DOLOPLUS 2 is initially susceptible to rater characteristics but this effect dissipates with repeated use of the scale; while the CNPI is most susceptible to the effect of rater characteristics, specifically nurse qualifications, and that this effect is not ameliorated by rater familiarity with the scale.
The direction of the results suggest that initially with the DOLOPLUS 2 and on both occasions with the CNPI, less qualified nurse raters were under-evaluating resident's pain.
Reliability and Item Factor Analysis
The results of this study showed adequate levels of internal consistency for the APS, although 'Physical Changes' was the poorest scoring item on the APS. The APS may perform more satisfactorily in a population who experience predominantly chronic pain with this item deleted.
Physiological changes such as increased breathing, noisy labored breathing, increased heart rates, perspiration, and flushing is observed may be more descriptive of acute pain as opposed to chronic pain (Lui, Briggs & Closs, 2010) . Test-retest and inter-rater reliability coefficients were moderately good for the APS and factor analysis supported a single factor structure -particularly if 'Physical Changes' is omitted.
The Chronbach's alpha was very good for the total DOLOPLUS 2 scale at Time 1 and Time 2 and was higher than the result reported by a Norwegian nursing home study (α=0.71) with people with severe cognitive impairment (Torvik et al., 2010) . The factor analysis showed that a single factor described the DOLOPLUS 2 well. Test-retest and inter-rater reliability coefficients were moderately good for the DOLOPLUS 2. These findings are supported by a study that examined the psychometric qualities of the DOLOPLUS 2 with 128 people with dementia in Dutch nursing homes .
Most of the psychometric findings were weaker for the CNPI in measuring pain in people with severe to moderate dementia. The notable exception was the CNPI's stronger inter-rater agreement results. The findings of the factor analysis showed that the CNPI might consist of more than one, single factor. This should not be taken as evidence to conclude that the CNPI is inferior. In this study we used a purposive sample of aged care facility residents with dementia and therefore generalization of the findings in the present study is limited to similar populations.
The original measured construct of the CNPI (pain in older people with hip fracture on a hospital surgical ward) is different from the construct (that is, chronic pain) in this study.
Additional Validity Indicators
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The fact that the three pain scales' total scores load on a single factor and correlate with an external pain rating bodes well for their current and probable continued use by nurses caring for people with moderate to severe dementia. The finding also supports the conclusion that the best pain estimate is obtained by use of a systematic approach and trained nurses who are well aware of the person they are caring for (Torvik et al., 2010) .
Limitations
Some limitations are to be noted. RACF residents with dementia were rated at rest with consideration given as to what had been their experience of routine nursing care on that day (for example, being moved from their bed to a chair). However, there are aspects of the RACF environment that could not be controlled, which leaves the results open to the effects of confounding factors but supports the ecological validity of the results. Similarly, the use of a group of nurse raters increases the potential for measurement error but also means that the results reflect the use of these scales under real world conditions.
Further validation studies of pain rating scales are needed among people where different types of dementia are specified, as the type of dementia may matter to the pain ratings produced. Studies to examine the responsiveness and sensitivity to change of the pain scale assessments are also required.
Conclusions
The CNPI appears less well-suited for measuring chronic pain in RACF residents with dimentia than the APS or the DOLOPLUS 2. The pattern of reliability results was weaker for the CNPI and it also had the weakest validity results, both in terms of its factor structure and its susceptibility to the influence of rater differences. THE APS and the DOLOPLUS 2 appear better suited to measuring pain in people with the characteristics of this study sample. Both measures were well-supported by the factor analysis results. The DOLOPLUS 2 showed stronger reliability indicators but was also initially more susceptible to the influence of rater characteristics.
The lack of a suitable pain rating scale can mean inadequate information for maximizing a person with dementia's well-being; or frustration for nurses who are unable to effectively assess pain. For nurses to correctly quantify pain in people with dementia they need valid and reliable rating scales. These scales should supplement clinical judgment and provide a standardized method to communicate and document pain. The results of this study suggest that the the DOLOPLUS 2 and the APS are more likely to meet this need for the benefit of nurses and people with moderate to severe dementia in settings like Australian RACFs.
